WO 2005/052389 PCT/JP2004/0 17539 



DESCRIPTION 

FASTENING STRUCTURE, FASTENING METHOD AND FASTENING 

MEMBER 

Technical Field 

5 The present invention relates to a fastening structure which is 

formed by fastening a first member and a second member without 
generating mutual misalignment, a fastening method, a fastening 
member used for the fastening, and an image forming apparatus such as 
a copy machine using the above. 

10 Background Art 

Structures such as copying machines, faxes, and printers are 
constructed such that a plurality of members are assembled, and then 
these members are mutually fastened by means of fastening such as 
welding, screw fastening, riveting, etc. 

15 Since welding is carried out by melting members, the welded 

portion shows high strength. However, the welding requires large scale 
equipment, so it is disadvantageous of increasing cost. It also has a 
problem of deterioration of accuracy by thermal deformation. 
Consequently, sometimes screw fastening and rivet fastening can be 

20 used instead of using the welding. 

Generally, when two members are mutually fastened by using a 
screw or rivet, a hole diameter in which the screw or rivet is inserted is 
adopted to be larger than the outer diameter of the inserted portion of 
the screw or the rivet; therefore, ample room is assured between the 

25 inserted portion and the hole when the screw or rivet is inserted. This 
is because the cost increase by the increase in diameter accuracy is 
curved by adopting the rivet or screw to be easily inserted. 
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However, in the screw fastening or rivet fastening, if ample room 
is maintained to the hole diameter, a space corresponding to the ample 
room is left after fastening. Accordingly, there was a problem that the 
connected portion is misaligned when large load is applied to the 
5 connected portion. 

In order to solve the above problem the applicant has proposed a 
new fastening method described in Japanese Patent Laid-Opens 
H-10-299735, H10-306813, and H10-306814.' 

More particularly, the applicant has provided a blind rivet. In 
10 such a blind rivet, the mandrel of the blind rivet and the inside of the 
body to accept the rivet are respectively formed with a bump, and the 
bump of the mandrel is radially expanded so as to increase the outer 
diameter toward the bump of the body in the fastening process, so that 
the space between the mandrel and the inside of the body, which has 
15 been generated after fastening, is eliminated, and both members to be 
mutually connected by the blind rivet can be fastened without 
generating change in the relative positions over time. 

However, the above blind rivet has a particular shape, so that it 
was disadvantageous in that the manufacturing cost is high. 
20 Disclosure of Invention 

It is therefore, an object of the present invention to provide a 
fastening method and a fastening structure, which curve the cost by 
using an inexpensive screw without using a particular fastening tool or a 
tool, and can conduct fastening without generating the change in a 
25 relative position between both members over time by eliminating a space 
which has been generated after fastening. 

To accomplish the above objects of the present invention, 
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according to one aspect of the present invention, there is provided a 
fastening structure in which a first member and a second member are 
mutually connected by a fastening member including a threaded portion, 
wherein the first member is formed with a tubular projecting portion 
5 which raises from one surface of the first member toward the second 
member and inwardly defines a hollow portion, the second member is 
formed with a hole in which the tubular projecting portion is inserted, 
the threaded portion of the fastening member includes an outer diameter 
larger than a minimum inside diameter of the hollow portion of the 

10 tubular projecting portion and smaller than a hole diameter of the 
second member, the threaded portion is screwed into the hollow portion 
of the tubular projecting portion inserted into the hole of the second 
member, the tubular projecting portion is formed with a radially 
expanded portion by expanding the tubular projecting portion radially 

15 and outwardly by screwing the threaded portion, and the first member 
and the second member are mutually fastened in a state where an outer 
circumference surface of the radially expanded portion abuts on a 
peripheral wall of the hole of the second member. 

According to the fastening structure of the present invention, the 

20 hollow portion defined by the tubular projecting portion is a hollow 
portion whose both ends are open, penetrating the first member in its 
through-thickness direction. 

According to the fastening structure of the present invention, at 
least one slit is formed from a leading end of the tubular projecting 

25 portion toward a base end thereof. 

According to the fastening structure of the present invention, the 
slit extends from the base end of the tubular projecting portion to the 
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one surface of the first member. 

According to the fastening structure of the present invention, the 
radially expanded portion of the first member is pressed onto the 
peripheral wall of the hole of the second member without remaining a 
5 space between the radially expanded portion and the peripheral wall of 
the hole of the second member. 

According to the fastening structure of the present invention, a 
base end portion of the tubular projecting portion of the first member is 
formed with a recess portion for controlling increase of torque required 
10 for screwing the fastening member. 

According to the fastening structure of the present invention, the 
recess portion is defined by a radially increased portion of an inside 
diameter of the tubular projecting portion. 

According to the fastening structure of the present invention, the 
15 radially increased portion includes a uniform bore diameter in an axis 
line direction of the tubular projecting portion. 

According to the fastening structure of the present invention, a 
leading end of the tubular projecting portion is located in the hole of the 
second member and does not project from an other surface of the second 
20 member located in an opposite side of one surface of the second member 
facing to the one surface of the first member. 

According to the fastening structure of the present invention, a 
leading end of the tubular projecting portion projects to an outward of 
the second member from an other surface of the second member located 
25 in an opposite side of one surface of the second member facing to the one 
surface of the first member, and an outer diameter in the projecting 
portion is larger than a bore diameter of the hole of the second member. 
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According to the fastening structure according of the present 
invention, the fastening member includes a flange portion at one end of 
the threaded portion, the threaded portion is screwed into the tubular 
projecting portion from a leading end of the tubular projecting portion 
5 such that the flange portion is located in an other surface side of the 
second member located in an opposite side of one surface of the second 
member facing to the one surface of the first member, and the second 
member is whereby sandwiched between the flange portion of the 
fastening member and the one surface of the first member. 

10 According to the fastening structure of the present invention, the 

leading end of the tubular projecting portion projects to an outward of 
the second member from the other surface of the second member, an 
outer diameter in the projecting portion is larger than a bore diameter of 
the hole of the second member, and the projecting portion is sandwiched 

15 between the flange portion and the other surface of the second member. 

According to the fastening structure of the present invention, the 
leading end of the tubular projecting portion projects to an outward of 
the second member from the other surface of the second member, an 
outer diameter in the projecting portion is larger than a bore diameter of 

20 the hole of the second member, and the flange portion is formed with a 
concave portion for accepting the projecting portion of the tubular 
projecting portion. 

According to the fastening structure of the present invention, a 
closed space is formed by the concave portion of the flange portion and 

25 the other surface of the second member on which the flange portion 
abuts. 

According to another aspect of the present invention, there is 
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provided a fastening member used for the fastening structure of the 
present invention, wherein the threaded portion is formed by at least 
two kinds of thread shapes. 

According to the fastening member of the present invention, a 
5 portion including one of the thread shapes mainly has a function for 
tapping the tubular projecting portion, and a portion including the other 
of the thread shapes mainly has a function for deforming the tubular 
projecting portion radially and outwardly. 

According to the fastening member of the present invention, one 
10 of the thread shapes is an incomplete thread shape. 

According to the fastening member of the present invention, the 
fastening member includes a flange portion at one end of the threaded 
portion, and an outer diameter of screw in a portion adjacent to the 
flange portion of the threaded portion is larger than an outer diameter of 
15 screw in a portion remote from the flange portion. 

According to the fastening member of the present invention, a 
pitch in a portion adjacent to the flange portion of the threaded portion 
and a pitch in a portion remote from the flange portion are provided 
with mutual phase lag. 
20 According to a further aspect of the present invention, there is 

provided a fastening method for mutually fastening a first member and a 
second member, comprising the steps of: forming a hole to the second 
member; forming a tubular projecting portion to the first member; 
inserting the tubular projecting portion into the hole; screwing a 
25 fastening member having a threaded portion larger than a minimum 
inside diameter of the tubular projecting portion and smaller than a hole 
diameter of the second member into the tubular projecting portion in the 
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inserted state in an axis line direction of the tubular projecting portion; 
and pressing an outer circumference surface of the tubular projecting 
portion onto a peripheral wall of the hole of the second member by 
radially expanding the tubular projecting portion to expand radially and 
5 outwardly by screwing the fastening member into the tubular projecting 
portion. 

According to the fastening method of the present invention, the 
tubular projecting portion is formed by a burring processing. 

According to yet another aspect of the present invention, there is 

10 provided an image forming apparatus comprising the fastening structure 
according to the present invention to a fastening part. 

According to still another aspect of the present invention, there is 
provided an image forming apparatus comprising the fastening member 
according to the present invention to a fastening part. 

15 In the fastening structure of the present invention, without using 

particular equipment, the tubular projecting portion formed onto the 
first member is formed with the radially expanded portion in which the 
outer diameter of the tubular projecting portion increases by screwing 
the fastening member having the threaded portion into the tubular 

20 projecting portion, and the first member and the second member are 
mutually connected in the state where this radially expanded portion 
abuts on the peripheral wall of the hole of the second member. 

Therefore, according to the fastening structure of the present 
invention, in the connected state of the first and second members, since 

25 the radially expanded portion nearly evenly abuts on the peripheral wall 
of the hole formed onto the second member in the peripheral direction, it 
is possible to obtain a structure having a connected portion showing high 



7 



WO 2005/052389 



PCT/JP2004/017539 



rigidity at a low price without generating conventional misalignment by 
external force and loosing after the first and second members have been 
fastened. 

According to the fastening structure of the present invention, the 

5 fastening member can be screwed into the tubular projecting portion 
from any one of the base portion side or the leading end side of the 
tubular projecting portion according to need by penetrating the hollow 
portion defined by the tubular projecting portion in the 
through-thickness direction of the first member. 

10 According to the fastening structure of the present invention, the 

tubular projecting portion is formed with the slit, and amount of the 

radially expanded portion of the tubular projecting portion is increased 

by this slit, so that the tubular projecting portion can be more absolutely 
abutted on the peripheral wall of the hole of the first member by the 

15 radially expanded portion. Therefore, the space between the tubular 
projecting portion and the peripheral wall of the hole of the first member 
can be eliminated, so that it is certainly possible to prevent the 
misalignment between both members. 

According to the fastening structure of the present invention, 

20 since the slit provided in the tubular projecting portion extends to the 
one surface of the first member in which the tubular projecting portion is 
disposed, even if the forming position of the hole of the second member 
and the forming position of the tubular projecting portion of the first 
member are slightly misaligned, by the fastening of the fastening 

25 member, the tubular projecting portion is allowed the overall 
deformation to be fit into the hole by the slit. Therefore, a tolerance of 
the forming position of the tubular projecting portion can be set 
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relatively large, and processing dimensional accuracy to be required can 
be reduced. 

According to the fastening structure of the present invention, 
since the radially expanded portion of the first member is pressed onto 
5 the peripheral wall of the hole of the second member without remaining 
the space between the radially expanded portion of the first member and 
the peripheral wall of the hole of the second member, the space between 
the tubular projecting portion and the peripheral wall of the hole for 
fastening dose not generate. Therefore, it is possible to obtain the 
10 fastening structure having high connecting rigidity and excellent 
reliability. 

According to the fastening structure of the present invention, 
since the base end portion of the tubular projecting portion is formed 
with the recess portion for controlling increase of torque required for 

15 screwing the fastening member, the increase of torque by 
excess-fastening of screw can be controlled. Therefore, it is possible to 
reduce use of a particular tool and burden of workers, so that working 
property in the connecting operation can be improved. 

According to the fastening structure of the present invention, the 

20 recess portion can be formed relatively easy by defining the recess 
portion with the radially increased portion of the inside diameter of the 
tubular projecting portion. 

According to the fastening structure of the present invention, the 
bore diameter of the radially increased portion is uniformly made in the 

25 axis line direction of the tubular projecting portion, so that the decrease 
in the mechanical strength in the base portion of the tubular projecting 
portion can be prevented compared with the case when the recess 
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portion is formed by a taper hole gradually decreasing the bore diameter 
toward the leading end of the tubular projecting portion. 

According to the fastening structure of the present invention, 
since the leading end of the tubular projecting portion does not project 
5 from the other surface of the second member, it is possible to prevent the 
deterioration in the appearance by the projection of the leading end of 
the tubular projecting portion from the other surface of the second 
member. 

According to the fastening structure of the present invention, the 

10 leading end of the tubular projecting portion projects from the other 
surface of the second member, and this projecting portion sandwiches 
the edge portion of the hole of the second member in corporation with the 
first member, so that the mechanical strength with respect to the 
separation force acting in the axis line direction of the tubular projecting 

15 portion between the connected members of both first and second 
members is further enhanced. 

According to the fastening structure of the present invention, the 
second member is sandwiched between the flange portion of the 
fastening member and the one surface of the first member, so that the 

20 mechanical strength, with respect to the separation force similar to the 
above separation force acting in the direction for separating the 
connected members of the first and second members is further enhanced. 

According to the fastening structure of the present invention, 
since the projecting portion is sandwiched between the flange portion 

25 and the other surface of the second member, in addition to enhancing the 
mechanical strength with respect to the above separation force, 
mechanical strength with respect to the sharing force acting on both 
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connected members in the direction of the diameter of the tubular 
projecting portion can be enhanced. 

According to the fastening structure of the present invention, 
since the projecting portion of the tubular projecting portion projecting 
5 from the other surface of the second member is accepted in the concave 
portion of the flange portion, the fastening member can be appropriately 
screwed into the tubular projecting portion so as to form an appropriate 
radially expanded portion onto the tubular projecting portion without 
requiring high dimensional accuracy for the processing of the tubular 
10 projecting portion. The projecting portion is also housed in the recess 
portion, so that the mechanical strength with respect to the separation 
force and the sharing force similar to the above can be enhanced without 
causing the deterioration in the appearance by the exposure of the 
projecting portion. 

15 According to the fastening structure of the present invention, 

since the projecting portion of the tubular projecting portion is housed in 
the closed space defined by the concave portion, various deteriorations 
by exposing the projecting portion to the outside air are controlled. 
Therefore, the durability of the connected portion can be improved. 

20 According to the fastening member of the present invention, by 

changing the shape of the thread of the fastening member, amount of the 
radially expanded portion of the tubular projecting portion disposed in 
the first member can be increased and decreased in accordance with this 
thread shape, so that the space between the radially expanded portion 

25 and the peripheral wall of the hole can be eliminated by pushing the 
radially expanded portion absolutely onto the peripheral wall of the hole. 
According to the fastening member of the present invention, by 
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using respective thread portions having different screw thread shapes 
mutually, the tapping to the tubular projecting portion and the radial 
and outward deformation of the tubular projecting portion can be 
effectively performed, and the radially expanded portion formed onto the 
5 tubular projecting portion can be effectively pushed onto the peripheral 
wall of the hole. 

According to the fastening member of the present invention, one 
of the threads can be formed with the incomplete thread, and this 
incomplete thread can be formed by eliminating the outer circumference 

10 portion of the complete thread, for example, by grinding processing. 

According to the fastening member of the present invention, the 
outer diameter of screw in the portion adjacent to the flange portion of 
the threaded portion is adopted to be larger than the outer diameter of 
screw in the portion remote from the flange portion more than the 

15 adjacent portion, so that, at first, the radially expanded portion is 
formed by screwing the fastening member into the tubular projecting 
portion, and then the fastening member can be absolutely screwed by the 
tapping to the radially expanded portion. 

According to the fastening member of the present invention, since 

20 the mutual phase lag is provided for the pitches in the portion adjacent 
to the flange portion of the threaded portion and the pitches in the 
portion remote from the flange portion more than the adjacent portion, 
amount of the radially expanded portion of the tubular projecting 
portion disposed in the first member can be increased and decreased in 

25 accordance with this phase lag of the pitches. Therefore, the space 
between the radially expanded portion and the peripheral wall of the 
hole can be eliminated by definitely pressing the radially expanded 
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portion onto the peripheral wall of the hole. 

According to the fastening method of the present invention, 
without using particular equipment, by screwing the fastening member 
having the threaded portion into the tubular projecting portion formed 
5 onto the first member, the outer circumference surface of the tubular 
projecting portion can be pressed onto the peripheral wall of the hole of 
the second member by radially expanding the outer diameter of the 
tubular projecting portion to expand radially and outwardly, so that the 
fastening structure according to the present invention can be formed 

10 relatively easy at a low price. 

According to the fastening method of the present invention, the 
- tubular projecting portion can be formed relatively easy by forming the 
tubular projecting portion with burring processing. 

According to the image forming apparatus of the present 

15 invention, since the fastening part is composed of the fastening structure 
according to the present invention, the mechanical strength is enhanced 
in the fastening part and the durability can be improved without 
generating the misalignment by the conventional external force and 
loosing in the fastening part. 

20 According to the image forming apparatus of the present 

invention, the fastening member according to the present invention is 
applied to the fastening part, and since the fastening part is composed of 
the fastening structure according to the present invention, the 
mechanical strength is enhanced in the fastening part and the durability 

25 can be improved without generating the misalignment by the 
conventional external force and loosing in the fastening part. 
Brief Description of Drawings 
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FIG. 1 is a longitudinal sectional view illustrating a fastening 
structure according to the present invention. 

FIG. 2 is a perspective view illustrating a first member which is 
one of the structural elements of a fastening member according to the 
5 present invention. 

FIG. 3 is a longitudinal sectional view illustrating a combination 
between the first member and a second member according to the present 
invention. 

FIG. 4 is a perspective view showing a modification example of a 
10 first member of a fastening structure according to the present invention. 

FIG. 5 is a cross section view of the first member showing a recess 
portion formed onto a tubular projecting portion. 

FIG. 6 is a view similar to FIG. 1, illustrating a second 
embodiment of a fastening structure according to the present invention. 
15 FIG. 7 is a longitudinal sectional view similar to FIG. 1, 

illustrating a third embodiment of a fastening structure according to the 
present invention. 

FIG. 8 is a longitudinal sectional view similar to FIG. 1, 
illustrating a fourth embodiment of a fastening structure according to 
20 the present invention. 

FIG. 9 is a longitudinal sectional view similar to FIG. 1, 
illustrating a fifth embodiment of a fastening member according to the 
present invention. 

FIG. 10 is a schematic view illustrating another embodiment of a 
25 fastening member used for a fastening structure according to the present 
invention. 

FIG. 11 is a schematic view showing another embodiment of a 
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fastening member used for a fastening structure according to tlie present 
invention. 

FIG. 12 is a graph showing comparison of peel strength between 
the fastening structure of the first embodiment according to the present 
5 invention and a conventional structure. 

FIG. 13 is a graph showing comparison of shear strength between 
the fastening structure of the first embodiment according to the present 
invention and a conventional structure. 

FIG. 14 is a graph similar to FIG. 12, illustrating comparison of 
10 peel strength between the fastening structure of the third embodiment 
according to the present invention and a conventional structure. 

FIG. 15 is a schematic view showing a layout of structure 
illustrating each component part of a copying machine according to the 
present invention. 

15 FIG. 16 is a perspective view showing an example in which a 

fastening structure according to the present invention is applied to each 
connected portion of a flame of a body structure and bank structure 
shown in FIG. 151 

Best Mode for Carrying Out the Invention 
20 The features of the present invention will be further apparent by 

the following description in accordance with the embodiments 
illustrated by FIGs. 
(First Embodiment) 

A fastening structure 10 according to the present invention is 
25 formed by connecting a first platy member 11 and a second platy member 
12 with a fastening member 13 including a screw member as illustrated 
in FIG. 1. 

15 
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The first member 11 comprises a chrome-free steel plate having 
2mm in thickness, for example. As illustrated in FIG. 2, the first platy 
member 11 is formed with a tubular projecting portion 14 rising from one 
surface 11a of the first member 11 by a burring process, for example. 
5 The tubular projecting portion 14 has, for example, 5.25mm uniform 
outer diameter in its longitudinal direction. The tubular projecting 
portion 14 inwardly defines a column-shaped hollow portion 15. The 
hollow portion 15 conforms to an opening, which penetrates the first 
platy member 11 in the through-thickness direction, and penetrates the 

10 first platy member 11. The tubular projecting portion 14 is formed so as 
to rise from the edge portion of the opening of the one surface 11a of the 
first platy member 11. 

The tubular projecting portion 14 is formed with a plurality of 
slits 16 stretching parallel to the axis line direction of the tubular 

15 projecting portion in the examples shown by FIGs. One end of each slit 
16 reaches to a leading end portion 14a of the tubular projecting portion 
14, and opens up to the leading end surface of the tubular projecting 
portion. In addition, the other end of each slit 16 reaches to the flat one 
surface 11a of the first platy member 11 from the base portion of the 

20 tubular projecting portion 14. As clearly shown in FIGs. 1, 3, part of 
the slit 16 extending to the one surface 11a also opens up to the other 
surface lib of the first platy member 11 by penetrating the first platy 
member 11 in its through-thickness direction. 

The second platy member 12 comprises a steel plate having 2mm 

25 in thickness, for example. The second platy member 12 is formed with 
a hole 17 penetrating the platy member in the through-thickness 
direction as shown in FIG. 3. The hole 17 has, for example, the bore 
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diameter of 5.4mm which is enough for accepting the tubular projecting 
portion 14 of the first platy member 11. 

The tubular projecting portion 14 of the first platy member 11 is 
inserted into the hole 17 of the second platy member 12 from the side of 
5 one surface 12a of the second platy member 12. By inserting the 
tubular projecting portion 14 into the hole 17, one surface 11a in which 
the tubular projecting portion 14 of the first platy member 11 rises 
comes into contact with the one surface 12a of the second platy member 
12. In the abutting state of both platy members 11, 12, the leading end 

10 portion 14a of the tubular projecting portion 14 has an enough height for 
projecting upward over the other surface 12b of the second platy member 
12. Moreover, in the abutting state of both platy members 11, 12, a 
substantially even space is maintained in the peripheral direction of the 
hollow portion 15 between the peripheral wall of the hole 17 and the 

15 outer circumference surface of the tubular projecting portion 14 as 
illustrated in FIG. 3. 

Even if a plurality of pairs of the holes 17 and the tubular 
projecting portions 14 are provided, despite variation of dimensional 
accuracy within respective processing errors, the space between the 

20 peripheral wall of the hole 17 and the outer circumference surface of the 
tubular projecting portion 14 can be appropriately set within the range 
in which the corresponding hole 17 and the tubular projecting portion 14 
can be matched and the tubular projecting portion 14 can be pressed and 
fitted into the hole 17 of the tubular projecting portion 14 by screwing 

25 with the after-mentioned fastening member 13. 

In the abutting state between the one surface 11a of the first 
platy member 11 and the one surface 12a of the second platy member 12, 



17 



WO 2005/052389 



PCT/JP2004/017539 



as shown in FIG. 3, the screwing member 13 is screwed into the tubular 
projecting portion 14 from the side of the other surface lib of the first 
platy member 11 till a flange portion 13b abuts on the other surface lib 
of the first platy member 11. 
5 A screw member of the fastening member is, for example, M4 

tapping screw of general purpose. The screw member comprises a head 
portion 13a, the flange portion 13b which is integrally formed with the 
head portion and has an outer diameter larger than the head portion 13a, 
and a threaded portion 13c which has an outer diameter i.e. a thread 

10 diameter larger than the least bore diameter of the hollow portion 15 
formed onto the first platy member 11 and smaller than the hole 
diameter of the hole 17 of the second platy member 12. The tapping 
screw i.e. the threaded portion 13c of the fastening member 13 shown in 
FIG. 3 has a uniform pitch and thread diameter in the axis line 

15 direction. 

As described above, since the outer diameter of the threaded 
portion 13c of the fastening member 13 is larger than the least bore 
diameter of the hollow portion 15 of the tubular projecting portion 14, 
the tubular projecting portion 14 is expanded radially and outwardly by 

20 screwing the screwing member 13c into the tubular projecting portion 14. 
That is, the outer circumference wall of the tubular projecting portion 14 
is pushed onto the peripheral wall of the hole 17 by the radially 
expanded tubular projecting portion 14. Moreover, the leading end 
portion 14a of the tubular projecting portion 14 projecting from the other 

25 surface 12b of the second platy member 12 i.e. the outer surface of the 
projecting portion 14 expands, and then plastically deforms radially and 
outwardly in whole such that the projecting portion covers the edge 
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portion of the opening of the hole 17 of the other surface 12b of the 
second platy member 12. Therefore the outer diameter of the leading 
end portion 14a becomes larger than the bore diameter of the hole 17. 

The slit 16 divides the tubular projecting portion 14 in its 
5 peripheral direction, so that the slit 16 facilitates the deformation of the 
tubular projecting portion 14 in the radial and outward direction by the 
fastening of the fastening member 13. Therefore, rotation torque 
required for screwing the fastening member 13 is reduced, and also the 
increased amount of the outer diameter by the deformation of the 

10 tubular projecting portion 14 i.e. amount of the radially expanded 
portion is increased. 

By the above described deformation of the tubular projecting 
portion 14 with the screwing of the fastening member 13, the outer 
circumference wall of the tubular projecting portion is pushed nearly 

15 evenly in the peripheral direction without remaining space between the 
outer circumference wall of the tubular projecting portion 14 and the 
peripheral wall of the hole 17, and is firmly attached to the peripheral 
wall of the hole 17. Moreover, the projecting portion 14a of the tubular 
projecting portion 14 engages with the other surface 12b of the second 

20 platy member 12 in the edge portion of the opening of the hole 17 by the 
plastic deformation. The first platy member 11 and the second platy 
member 12 are firmly connected by the radially expanded portion of the 
tubular projecting portion pushed onto the peripheral wall of the hole 17 
and the engaged portion by the projecting portion 14a. In this 

25 connected state, the second platy member 12 is sandwiched between the 
flange portion 13b of the fastening member 13 and the projecting portion 
14a of the tubular projecting portion 14 disposed in the first platy 
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member 11 by screwing the fastening member 13, so that the connected 
strength of both members 11, 12 is further enhanced. 

Sheet metal JIS G 3141 can be used as the first platy member 11. 
In this case, tapping screw JIS B 1055 can be used as the fastening 
5 member 13. As a combination of the first platy member 11 and the 
fastening member 13, various materials of the first platy member 11 and 
the fastening member 13 can be used as long as the hardness of the 
fastening member 13 is larger than the hardness of the first platy 
member 11. Since the fastening member 13 having the hardness harder 

10 than the hardness of the first platy member 11 is used, the fastened both 
members 11, 12 can be easily disconnected, and also the fastening 
member 13 can be reused. 

As shown in FIG. 4, the slit 16 disposed in the tubular projecting 
portion 14 can be ended at the base portion of the tubular projecting 

15 portion 14 without stretching the slit 16 to the one surface 11a. In this 
case, when the fastening member 13 similar to the above is screwed into 
the tubular projecting portion 14, amount of the radially expanded 
portion of the tubular projecting portion 14 is increased by the dividing 
function of the slit 16 similar to the example shown in FIG. 2, and the 

20 rotation torque required for screwing the fastening member 13 can be 
reduced. 

However, as illustrated in FIG. 2, by extending the slit 16 
disposed in the tubular projecting portion 14 onto the one surface 11a of 
the plane surface of the first platy member 11, the tubular projecting 
25 portion 14 is deformed in whole to fit into the hole 17 with the slit 16 by 
the fastening of the fastening member 13, even if the forming position of 
the hole 17 of the second member 12 and the forming position of the 
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tubular projecting portion 14 of the first member 11 are slightly 
misaligned. Therefore, the allowable error of the forming position of 
the tubular projecting portion 14 can be relatively increased, and the 
required processing dimensional accuracy can be reduced by forming the 
5 slit 16 to extend onto the one surface 11a of the first platy member 11. 

In order to reduce the rotation torque required for screwing the 
fastening member 13, the base portion of the tubular projecting portion 
14 is formed with a recess portion 15a as shown in FIG. 5. The recess 
portion 15a is formed with the hollow portion 15 of the other surface lib 

10 of the first platy member 11, and comprises radially increased portion 
including a uniform bore diameter in the through-thickness direction of 
the first platy member 11. 

The through- thickness portion excluding the tubular projecting 
portion 14 of the first platy member 11 provides strong rotational 

15 resistance to the fastening member when the fastening member 13 is 
screwed into the tubular projecting portion 14, but does not contribute to 
the formation of the radially expanded portion by the tubular projecting 
portion 14. Consequently, as illustrated, by forming the radially 
increased portion 15a of the hollow portion 15 on the one surface 11a of 

20 the first platy member 11, the rotational resistance affecting to the 
fastening member 13 can be reduced without having substantial 
influence on the formation of the radially expanded portion of the 
tubular projecting portion 14. 

As illustrated by the dotted lines in FIG. 5, the recess portion can 

25 be formed by a taper hole 15b which gradually increases the bore 
diameter toward the other surface lib of the first platy member 11. 
However, in this case, a fragile portion comprising a thin-walled portion 
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is formed between the peripheral wall of the taper hole 15b and the 
rising edge 14b of the tubular projecting portion 14. Therefore, it is 
preferable for the recess portion to be constructed by the radially 
increased portion 15a having a uniform bore diameter shown by the solid 
5 line in FIG. 5 in order to reduce the rotational resistance without 
reducing the mechanical strength of the tubular projecting portion 14. 
(Second Embodiment) 

In the fastening structure 10 of the first embodiment shown in 
FIGs. 1 to 5, the example that the leading end portion 14a of the tubular 
10 projecting portion 14 projects from the other surface 12b of the second 
platy member 12 is shown. However, as illustrated by a fastening 
structure 110 in FIG. 6, the height of the tubular projecting portion 14 
from the one surface 11a of the first platy member 11 on which the 
tubular projecting portion 14 is formed can be smaller than the 
15 through-thickness dimension of the second platy member 12 in order to 
avoid the outward projection of the leading end portion 14a of the 
tubular projecting portion 14 from the other surface 12b of the second 
platy member 12. 

According to the fastening structure 110, the outer circumference 
20 surface of the tubular projecting portion is pushed onto the peripheral 
surface of the hole 17 by screwing the fastening member 13 into the 
tubular projecting portion 14, and also the first platy member 11 is 
sandwiched between the second platy member 12 and the flange portion 
13b of the fastening member 13, so that both platy members 11, 12 are 
25 fastened. In this fastened state, the leading end portion 14a of the 
tubular projecting portion 14 does not protrude from the hole 17 of the 
second platy member 12; therefore, the deterioration in the appearance 
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by the protrusion of the leading end portion to the edge portion of the 
opening of the hole 17 of can be controlled, so that the deterioration in 
the appearance by the protrusion seen from the other surface 12b of the 
second platy member 12 can be controlled. 

5 (Third Embodiment) 

As shown in a fastening structure 120 of FIG. 7, the fastening 
member 13 can be screwed into the tubular projecting portion 14 from 
the side of the second platy member 12 in which the hole 17 for accepting 
the tubular projecting portion 14 of the first platy member 11 is formed. 

10 In the example of the fastening structure 120, similar to the 

example shown in FIG. 6, the height dimension of the tubular projecting 
portion 14 from the one surface 11a of the first platy member 11 is 
smaller than the through-thickness dimension of the second platy 
member 12. Moreover, the base portion of the tubular projecting 

15 portion 14 is formed with the recess portion 15a similar to the recess 
portion shown in FIG. 5 opening up to the other surface lib of the first 
platy member 11. In the fastening structure 120, the one surface 11a of 
the first platy member 11 and the one surface 12a of the second platy 
member 12 are mutually abutted such that the tubular projecting 

20 portion 14 of the first platy member 11 is accepted in the hole 17 of the 
second platy member 12. In this abutting state, the threaded portion 
13c of the fastening member 13 is screwed into the tubular projecting 
portion 14 from its leading end portion 14a. 

The radially expanded portion similar to the above is formed to 

25 the tubular projecting portion 14 by screwing the fastening member 13, 
therefore, the outer circumference surface of the tubular projecting 
portion 14 is pushed onto the peripheral wall of the hole 17. In addition, 
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the flange portion 13b of the fastening member 13, together with the one 
surface 11a of the first platy member 11, sandwiches the edge portion of 
the opening of the hole 17 of the second platy member 12 therebetween. 
Therefore, according to the fastening structure 120, large 
5 rotation torque of the fastening member 13 is not required, and the 
appearance from the side of the second platy member 12 can be improved 
because the head portion 13a of the fastening member 13 is only 
positioned onto the other surface 12b of the second platy member 12. 
(Fourth Embodiment) 

10 A fastening structure 130 illustrated in FIG. 8 indicates an 

example for screwing the fastening member 13 into the tubular 
projecting portion 14 from the side of the second platy member 12 
similar to the example shown in FIG. 7 by using the tubular projecting 
portion 14 in which the height dimension from the one surface 11a of the 

15 first platy member 11 is larger than the through-thickness dimension of 
the second platy member 12. 

According to the fastening structure 130, the outer circumference 
surface of the tubular projecting portion 14 is pushed onto the peripheral 
wall of the hole 17 by screwing the fastening member 13 into the tubular 

20 projecting portion 14 from the leading end portion 14a. In addition, the 
projecting portion 14a expanding radially and outwardly from the edge 
portion of the opening of the hole 17 on the other surface 12b of the 
second platy member 12 is sandwiched between the other surface 12b 
and the flange portion 13b of the fastening member 13. 

25 Therefore, the projecting portion 14a can be covered with the 

flange portion 13b of the fastening member 13, so that the appearance 
can be improved. Moreover, since the projecting portion 14a can be 
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sandwiched between the flange portion 13b and the other surface 12b of 
the second platy member 12, the fastening strength between both 
members 11, 12 can be further improved. 
(Fifth Embodiment) 
5 As shown in FIG. 9, the flange portion 13b of the fastening 

member 13 is formed with a concave portion 18 for accepting the 
projecting portion 14a. The concave portion 18 is circularly formed 
along the peripheral direction of the flange portion 13b, and opens up to 
the lower surface of the flange portion. 

10 In a fastening structure 140 shown in FIG. 9, the circumferentia 

surrounding the concave portion 18 of the flange portion 13b is pressed 
onto the other surface 12b of the second platy member 12. The concave 
portion 18 herewith forms a circular closed space for accepting the 
projecting portion 14a together with the other surface 12b. 

15 According to the fastening structure 140, despite slight 

variations in the height dimension of the tubular projecting portion 14 
by the variations in the processing accuracy of the tubular projecting 
portion 14, the projecting portion 14a is accepted in the concave portion 
18 of the flange portion 13b. Therefore, high dimension accuracy is not 

20 required for the processing of the tubular projecting portion 14, and the 
fastening member 13 can be appropriately screwed into the tubular 
projecting portion 14 such that an appropriate radially expanded portion 
is formed. 

Since the projecting portion 14a is contained in the closed space, 
25 even if the other surface 12b of the second platy member 12 is exposed to 
outside air, for example, water entering from between the flange portion 
13b of the fastening member 13 and the second platy member 12 can be 
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blocked, and the deterioration in the projecting portion 14a of the 
tubular projecting portion 14 by this water can be controlled, so that the 
durability of the connected portion can be improved. 

In the first to the fifth embodiments, a taping screw including 
complete threads having a uniform diameter and a uniform pitch is used 
as the fastening member 13. Instead of using this, a fastening member 
including incomplete threads can be used as shown in FIGs. 10, 11. 

The fastening member 13 shown in FIG. 10 is formed with the 
threaded portion 13c having a uniform pitch; however, a threaded 
portion 13c-l adjacent to the flange portion 13b is a complete thread 
having a thread diameter Dl in which the edge of the thread is not 
removed. On the other hand, a threaded portion 13c-2, which is formed 
following the threaded portion 13c-l on the other side of the flange 
portion 13b of the threaded portion 13c-l, is an incomplete thread. 
Such an incomplete thread has a thread diameter D2 smaller than the 
thread diameter Dl of the threaded portion 13c-l. The thread diameter 
D2 is formed by grinding the edge of the thread shown by the dotted 
lines having a thread diameter larger than the thread diameter Dl of 
the threaded portion 13c- 1 having a complete thread. 

When the fastening member 13 is screwed into the tubular 
projecting portion 14, the threaded portion 13c-2 having the incomplete 
thread of the fastening member 13 engages with the tubular projecting 
portion 14, and then the threaded portion 13c~l having the complete 
thread engages with the tubular projecting portion 14. 

Therefore, as screwing the fastening member 13, the outer 
diameter of the tubular projecting portion 14 is mainly expanded by 
engaging with the incomplete threaded portion 13c-2, and then the 
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tubular projecting portion 14 is threaded by engaging with the following 
complete threaded portion 13c-l. When the tubular projecting portion 
14 is threaded by this complete threaded portion 13c-l, at the same time, 
the outer diameter of the tubular projecting portion 14 is further 
5 expanded. 

Accordingly, by using the fastening member 13 shown in FIG. 10, 
the outer diameter of the tubular projecting portion 14 is further 
deformed. By the increase in amount of the radially expanded portion 
of the tubular projecting portion 14, the outer circumference surface of 

10 the tubular projecting portion 14 is definitely pressed onto the 
peripheral surface of the hole 17 by stronger suppress strength without 
remaining space. The fastening strength of both members 11, 12 is 
herewith enhanced. 

In the fastening member 13 illustrated in FIG. 11, the leading 

15 end portion of the threaded portion 13c of the fastening member 13 is 
formed with the complete threaded portion 13c-l. The incomplete 
threaded portion 13c-2 similar to the above is formed between the 
complete threaded portion 13c-l and the flange portion 13b. In 
addition, both threaded portions 13c-l, 13c-2 include the equal pitch 

20 dimension PI; however, the pitches of both threaded portions 13c-l, 
13c-2 are provided with mutual phase lag by a pitch changing portion 
13c-3 formed between both threaded portions 13c-l, 13c-2. 

According to the fastening member 13 shown in FIG. 1, the 
tubular projecting portion 14 is mainly threaded by engaging with the 

25 complete threaded portion 13c-l. The core diameter portion of the 
female screw groove of the tubular projecting portion 14 formed by this 
tapping is largely deformed radially and outwardly by the thread 
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diameter portion of the incomplete threaded portion 13c-2. 

In the fastening member 13 in which the phase lag is provided for 
the pitch, after the tubular projecting portion 14 is threaded, the 
threaded portion is radially expanded. Therefore, alike the fastening 

5 member 13 shown in FIG. 10, the outer diameter of the tubular 
projecting portion 14 can be further deformed by screwing this fastening 
member 13, and by the increase in amount of the radially expanded 
portion of the tubular projecting portion 14, the outer circumference 
surface of the tubular projecting portion 14 can be definitely pressed 

10 onto the peripheral surface of the hole 17 by stronger suppress strength 
without remaining space. Accordingly, the fastening strength of both 
members 11, 12 can be further enhanced. 

FIGs. 12 to 14 are graphs illustrating comparison of strength 
between the fastening structure according to the present invention and 

15 respective conventional fastening structures using welding, a rivet, and 
a tapping screw. Each vertical axis shows load (N) applied between 
mutually connected platy members, and each horizontal axis shows 
displacement magnitude (mm) between both platy members generated 
by the load. In addition, a chrome-free steel plate having 2mm in 

20 thickness is used as all platy members. 

In FIG. 12, as the fastening structure according to the present 
invention, the fastening structure 10 shown in FIG. 1 is used as a sample. 
The fastening structure 10 shows the example that the fastening 
member 13 having a uniform pitch and uniform thread diameter shown 

25 in FIG. 3 is screwed into the tubular projecting portion 14 from the base 
portion in the side of the other surface lib of the first platy member 11 
as described in the first embodiment. 
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The outer diameter of the tubular projecting portion 14 is 
5.25mm, the inside diameter of the hole 17 for accepting the tubular 
projecting portion 14 is 5.4mm, and M4 tapping screw is used as the 
fastening member 13. As illustrated outside the graph of FIG. 12, 
5 separation force F acting at right angles to the joint surface of the 
mutually fastened both platy members is applied to both of the platy 
members as the load. The relationship between the separation load and 
the displacement of at this point is shown by a characteristic line 19 a. 

On the other hand, as conventional structures, spot welding, 

10 rivet fastening using a rivet having 4.8mm in diameter, and direct 
fastening using M4 tapping screw are adopted as the samples. In the 
direct fastening of the tapping screw and the rivet, a hole having 
prepared hole diameter corresponding to each conventional standard is 
formed, and the rivet or the tapping screw are fastened thereto. The 

15 relationship between the separation load and the displacement in each 
of the spot welding, rivet fastening, and direct fastening by a tapping 
screw is shown by the characteristic lines 20a, 21a, and 22a, respectively. 

FIG. 13 shows characteristic lines 19b to 22b similar to the lines 
shown in FIG. 12 when sharing force F acting parallel to the joint 

20 surface of the mutually connected both platy members by using the same 
sample shown in FIG. 12. The characteristic line 19b shown in the 
graph of FIG. 13 is the characteristic line illustrating the relationship 
between the sharing load and the displacement of the fastening 
structure 10 according to the present invention. The characteristic 

25 lines 20b, 21b, and 22b are the characteristic lines showing the 
relationship between the sharing load and the displacement in each of 
the spot welding, rivet fastening, and direct fastening by a tapping 
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screw. 

In FIG. 14, as the fastening structure according to the present 
invention, the fastening structure 120 shown in FIG. 7 is adopted as a 
sample. The fastening structure 120 illustrates the example that the 
5 fastening member 13 having a uniform pitch and a screw thread 
diameter shown in FIG. 3 is screwed into the tubular projecting portion 
14 from the leading end portion 14a in the side of the other surface 12b 
of the second platy member 12, as described in the third embodiment. 
The graph of FIG. 14 illustrates the relationship between the separation 

10 load and the displacement magnitude at the time. The characteristic 
line 19c shows the relationship between the separation load and 
displacement magnitude in the fastening structure 120 according to the 
present invention. Each of the lines 20c, 21c, and 22c shows the 
relationship between the separation load and the displacement 

15 magnitude in the spot welding, rivet welding, and direct screwing by a 
tapping screw similar to the above, respectively. 

As apparent from the comparison of the respective characteristic 
lines 19a to 22a shown in the graph of FIG. 12, in the fastening structure 
10 illustrated in FIG. 1, for example, the displacement exceeding 1mm 

20 generates between the mutually fastened platy members by the 
separation load less than 1000N. On the other hand, the displacement 
exceeding 1mm generates by the separation load exceeding 2000N in 
each fastening device of the spot welding, rivet fastening, or direct 
fastening of a tapping screw. Therefore, there may be a case for the 

25 fastening structure 10 which does not bring out sufficient strength with 
respect to separation force. 

However, as apparent from the comparison of each characteristic 
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line 19b to 22b of the graph of FIG. 13, the fastening structure 10 
according to the present invention shows strength substantially equal to 
the strength of the spot welding with respect to sharing force. 

Therefore, it is preferable for a part requiring strength with 
5 respect to sharing force to adopt the fastening structure in which the 
fastening member 13 is screwed into the tubular projecting portion 14 
from its base portion. 

On the other hand, as apparent from the comparison of each 
characteristic lines 19c to 22c shown in the graph of FIG. 14, the 

10 fastening structure 120 shown in FIG. 7 only shows the displacement 
magnitude smaller than each fastening device of the rivet fastening or 
the direct fastening of a tapping screw regarding the separation load 
exceeding 2000N, for example. The fastening structure 120 accordingly 
shows high strength with respect to separation load compared to the 

15 rivet fastening or the direct fastening of a tapping screw. 

Therefore, it is preferable for a part requiring strength with 
respect to separation load to adopt the fastening structure in which the 
fastening member 13 is screwed into the tubular projecting portion 14 
from its leading end portion. 

20 In FIG. 15, an example of an image forming apparatus is 

illustrated as a general copying machine 23. The copying machine 23 
comprises a bank structure 23a disposed in the lowest portion, a copying 
body structure 23b disposed over the bank structure, and a scanner 
structure 23c which is disposed over the copying body structure 23b and 

25 reads an image of the copying body. 

FIG. 16 indicates an example that the fastening structures 10 to 
140 according to the present invention are applied to each flame 
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structure 24 of the bank structure 23a and the copying body structure 
23b of such a copying machine 23. The fastening structures 10 to 140 
according to the present invention can be applied for the fastening in 
each part shown by reference numeral T. 
5 In the above, the example in which the tubular projecting portion 

14 is formed with the slit 16 by penetrating in the through-thickness 
direction is shown. However, a concave groove which does not 
penetrate in the through-thickness direction of the tubular projecting 
portion 14 can be formed on the front surface or back surface of the 

10 tubular projecting portion 14 instead of the slit 16 of the tubular 
projecting portion 14. Moreover, these slit 16 and the concave groove 
are not always required. However, in order to reduce the torque 
required for fastening the fastening member 13 and to increase the 
expanded amount of the radially expanded portion, it is preferable for 

15 the above slit 16 or the concave groove to be formed onto the tubular 
projecting portion 14. 

According to the present invention, as described above, the hole 
17 is formed onto the second platy member 12, and the tubular 
projecting portion 14 is integrally formed onto the first platy member 11. 

20 Both members 11, 12 are combined to insert the tubular projecting 
portion 14 into the hole 17. In this combined state, the fastening 
member 13 having a threaded portion 13c larger than the minimum 
inside diameter of the tubular projecting portion 14 and smaller than the 
diameter of the hole 17 of the second platy member 12 is screwed into the 

25 tubular projecting portion 14 in the axis line direction of the tubular 
projecting portion 14. By screwing the fastening member 13 into the 
tubular projecting portion 14, the tubular projecting portion is radially 
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expanded to expand radially and outwardly, and the outer circumference 
. surface of the tubular projecting portion 14 is pressed onto the 
peripheral wall of the hole 17 of the second member 12. By this 
pressing, the outer circumference wall of the tubular projecting portion 
5 14 is equally pushed in the circumferential direction without remaining 
space between the outer circumference wall of the tubular projecting 
portion 14 and the peripheral wall of the hole 17, and is firmly attached 
to the peripheral wall of the hole 17, and then both members 11, 12 are 
basically fastened by engaging between the outer circumference wall of 

10 the tubular projecting portion 14 and the peripheral wall of the hole 17. 

Instead of forming the tubular projecting portion 14 onto the first 
platy member 11 by burring processing, for example, the first platy 
member 11 is formed by casting, and the tubular projecting portion 14 
can be integrally formed with the first platy member 11 during the 

15 casting. Moreover, a platy member in which the hole 17 is formed onto 
the second platy member 12 in advance can be used. 

The present disclosure relates to the subject matter contained in 
previous Japanese Patent Application No. 2003-399902, filed on 
November 28, 2003, the content of which is herein expressly 

20 incorporated by reference in its entirety. 
Effect of the Invention 

Therefore, according to the present invention, basically, it is 
possible to provide a fastening method and a fastening structure, which 
curve the cost by using an inexpensive screw member without using a 

25 particular fastening tool or a tool, and can conduct fastening without 
generating the change in a relative position between the first member 
and the second member over time. 
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